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(54) PROCESSES FOR PRODUCING RAW POLYCARBONATE RESIN MATERIAL AND 
PRODUCING POLYCARBONATE RESIN 



(57) The invention relates to an inexpensive and 
simple method for producing a starting material for poly- 
carbonate resin and for producing polycarbonate resin. 
In the method for producing a starting material for poly- 
carbonate resin production through interfacial polymer- 
ization, (I) a molten bisphenol compound is mixed and 



dissolved in an aqueous alkali solution at 20 to 80°C, or 
(I I) it is, without being solidified, directly mixed with water 
to be in liquid at a temperature not higher than the melt- 
. ing point of the bisphenol compound, and then dissolved 
in an aqueous alkali solution. 
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Description 



TECHNICAL FIELD 



sive and simple method for producing a starting material 
for polycarbonate resin and for producing polycarbonate 



resin. 



[0001] The present invention relates to a method for 
producing a starting material for polycarbonate resin 
and to a method for producing polycarbonate resin. 
More precisely, the invention relates to an inexpensive 
and simple method for producing a starting material for 
polycarbonate resin and for producing poiycarbonate 
resin. 

BACKGROUND ART 

[0002] Polycarbonate resin is a type of engineering 
plastics having well-balanced transparency, heat resist- 
ance and mechanical strength, and is used in many 
fields. Based on its overall characteristics of transpar- 
ency, heat resistance, hydrolysis resistance and dimen- 
sional stability, polycarbonate resin is especially much 
used these days for raw materials for optical recording 
media such as compact discs, laser discs, optical mem- 
ory cards, optical discs, digital video discs, etc. Polycar- 
bonate resin of high transparency suitable to optical ap- 
pliances including such optical recording media is pro- 
duced through interfacial polymerization. 
[0003] For producing polycarbonate resin through in- 
terfacial polymerization, generally employed is a meth- 
od of reacting a bisphenol compound with phosgene in 
the presence of an organic solvent and an aqueous al- 
kali solution. For this, it is well known that a granulated 
solid bisphenol compound, which serves as the essen- 
tial starting material for polycarbonate resin, is dissolved 
in an aqueous alkali solution and phosgene gas is intro- 
duced into the resulting solution. 
[0004] The bisphenol compound, which is the essen- 
tial starting material for polycarbonate resin, is granulat- 
ed in a complicated process. For example, 2,2-bis(4-hy- 
droxyphenyl)propane is, after produced through reac- 
tion of phenol with acetone, purified in many steps and 
then granulated in the final step. For granulating the bi- 
sphenol compound, used is a granulatorsuch as a spray 
drier or the like, in which the bisphenol compound is 
formed into liquid drops and then cooled and solidified. 
[0005] For producing polycarbonate resin from the bi- 
sphenol compound through interfacial polymerization, 
solid grains of the bisphenol compound having been so- 
lidified and granulated in the process as above are dis- 
solved in an aqueous alkali solution, and the resulting 
solution is used in polycondensation. 
[0006] The process for producing the bisphenol com- 
pound that serves as a starting material in producing 
polycarbonate resin through interfacial polymerization, 
and the process for producing polycarbonate resin re- 
quire complicated many steps as in the above, and are 
therefore problematic in that many plants and much la- 
bor are needed and the production costs are high. 
[0007] The present invention is to provide an inexpen- 
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s DISCLOSURE OF THE INVENTION 



[0008] We, the present inventors have assiduously 
studied to solve the problems noted above, and, as a 
result, have found that, in a process for producing poly- 
carbonate resin through interfacial polymerization, (I) 
when a bisphenol compound prepared in melt in a proc- 
ess of bisphenol compound production is, without being 
granulated, directly mixed in an aqueous alkali solution 
while it is in melt, and when the thus-prepared aqueous 
alkali solution of the bisphenol compound is used as the 
starting material for polycarbonate resin production, or 
(II) when a bisphenol compound prepared in melt in a 
process of bisphenol compound production is, without 
being solidified, directly mixed with water to be in liquid 
at a temperature not higher than the melting point of the 
bisphenol compound, and then dissolved in an aqueous 
alkali solution, and when the thus-prepared aqueous al- 
kali solution of the bisphenol compound is used as the 
starting material for polycarbonate resin production 
through interfacial polymerization, then the above-men- 
tioned object can be attained. On the basis of these find- 
ings, we have completed the present invention (includ- 
ing first and second aspects). 

[0009] Specifically, the invention is summarized as 
follows: 
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. First aspect of the invention: 

(1) A method for producing a starting material 
for polycarbonate resin production through in- 
terfacial polymerization, which is characterized 
in that a bisphenol compound prepared in melt 
in a process of bisphenol compound production 
is mixed and dissolved in an aqueous alkali so- 
lution at 20 to 80°C. 

(2) The method for producing a starting material 
for polycarbonate resin of above (1), wherein 
the bisphenol compound includes bis(4-hy- 
droxyphenyl)alkanes. 

(3) A method for producing polycarbonate res- 
in, which is characterized in that a bisphenol 
compound prepared in melt in a process of bi- 
sphenol compound production is mixed and 
dissolved in an aqueous alkali solution at 20 to 
80°C, and the resulting aqueous alkali solution 
of the bisphenol compound is used as the start- 
ing material for polycarbonate resin production 
through interfacial polymerization. 

I. Second aspect of the invention: 

(1) A method for producing a starting material 
for polycarbonate resin, which is characterized 
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in that a bisphenol compound prepared in melt 
in a process of bisphenol compound production 
is, without being solidified, directly mixed with 
water to be in liquid at a temperature not higher 
than the melting point of the bisphenol com- 
pound, and then dissolved in an aqueous alkali 
solution. 

(2) The method for producing a starting material 
for polycarbonate resin of above (1), wherein 
the bisphenol compound includes bis(4-hy- 
droxyphenyl)alkanes. 

(3) A method for producing polycarbonate res- 
in, which is characterized in that a bisphenol 
compound prepared in melt in a process of bi- 
sphenol compound production is, without being 
solidified, directly mixed with water to be in liq- 
uid at a temperature not higher than the melting 
point of the bisphenol compound, and then dis- 
solved in an aqueous alkali solution, and the 
resulting aqueous alkali solution of the bisphe- 
nol compound is used as the starting material 
for polycarbonate resin production through in- 
terfacial polymerization. 

BEST MODE OF THE CARRYING OUT THE 
INVENTION 

[0010] Modes of carrying out the invention are de- 
scribed hereinunder. 

I. First aspect of the invention: 

[0011] In this section, the first aspect of the invention 
will be simply referred to as the invention. . 
[0012] In the method of the invention for producing a 
starting material for polycarbonate resin production 
through interfacial polymerization, a bisphenol com- 
pound prepared in melt in a process of bisphenol com- 
pound production is mixed and dissolved in an aqueous 
alkali solution at 20 to 80°C; and, in the method of the 
invention for producing polycarbonate resin, the result- 
ing aqueous alkali solution of the bisphenol compound 
is used as the starting material for polycarbonate resin 
production. 

[0013] In the method of the invention, the step of poly- 
carbonate resin production through interfacial polymer- 
ization is per-se known. It comprises adding phosgene 
to the aqueous alkali solution of a bisphenol compound, 
with stirring it in the presence of an organic solvent such 
as methylene chloride or the like capable of well dissolv- 
ing polycarbonate resin, to thereby form a polycar- 
bonate oligomer having a chloroformate terminal, fol- 
lowed by further polymerizing the oligomer. 
[0014] The bisphenol compound that serves as the 
essential starting material in the polycarbonate resin 
production includes, for example, 4,4'-dihydroxybiphe- 
nyls such as 4,4'-dihydroxybiphenyl, 3,3'-difluoro-4,4'- 
dihydroxybiphenyl, 4,4'-dihydroxy-3,3'-dimethyldiphe- 
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nyl, 4,4'-dihydroxy-2,2 , -dimethylbiphenyl, 4,4'-dihy- 
droxy-3,3'-dicyclohexylbiphenyl, etc.; bis(4-hydroxy- 
phenyl)methanes such as bis(4-hydroxyphenyl)meth- 
ane, bts(4-hydroxyphenyl)diphenylmethane, bis(4-hy- 

s droxyphenyl)phenylmethane, bis(3-methyl-4-hydroxy- 
phenyl)methane, bis(3-nonyl-4-hydroxyphenyl)meth- 
ane, bis(3,5-dimethyl-4-hydroxyphenyl)methane, bis 
(3,5-dibromo-4-hydroxyphenyl)methane, bis(3-chloro- 
4-hydroxyphenyl)methane, bis(3-fluoro-4-hydroxyphe- 

10 nyl)methane, bis(2-tert-butyl-4-hydroxyphenyl)phenyl- 
methane,; bis(2-hydroxyphenyl)methanes such as bis 
(2-hydroxyphenyl)methane, 2-hydroxyphenyl-4-hy- 
droxyphenylmethane, bis(2-hydroxy-4-methylphenyl) 
methane, bis(2-hydroxy-4-methyl-6-tert-butylphenyl) 

15 methane, bis(2-hydroxy-4,6-dimethylphenyl)methane, 
etc.; bis(4-hydroxyphenyl)ethanes such as 1,1-bis 
(4-hydroxyphenyl)ethane, 1 ,2-bis(4-hydroxyphenyl) 
ethane, 1,1-bis (4-hydroxyphenyl-1-phenylethane, 1,1- 
bis(4-hydroxy-3-methylphenyl)-1 -phenylethane, 1 ,1-bis 

20 (4-hydroxy-3-methylphenyl)-1 -phenylethane, 2-(4-hy- 
droxy-3-methylphenyl)-2-(4-hydroxyphenyl)-1 -phe- 
nylethane, 1 ,1-bis(2-tert-butyl-4-hydroxy-3-methylphe- 
nyl)ethane, 1-phenyl-1 ,1-bis(3-fluoro-4-hydroxyphenyl) 
ethane, ; bis (2-hydroxyphenyl)ethanes such as 1 ,1-bis 

25 (2-hydroxy-4-methylphenyl)ethane, etc.; bis(4-hydroxy- 
phenyl)propanes such as 2^d^{^Y^x^jph§S^J}P^ 
pane, 1,1-bis(4-hydroxyphenyl)propane, 2,2-bis(2-me- 
thyl-4-hydroxyphenyl)propane, 2,2-bis(3-methyl-4-hy- 
droxyphenyl)propane, 2,2-bis(3-isopropyl-4-hydroxy- 

30 phenyl)propane, 2,2-bis(3-sec-butyl-4-hydroxyphenyl) 
propane, 2,2-bis(3-phenyl-4-hydroxyphenyl)propane, 
2,2-bis(3-cyclohexyl-4-hydroxyphenyl)propane, 2,2-bis 
(3-chloro-4-hydroxyphenyl)propane, 2,2-bis(3-fluoro- 
4-hydroxyphenyl)propane, 2,2-bis(3-bromo-4-hydroxy- 

35 phenyl)propane, . 2,2-bis(4-hydroxy-3,5-dimethylphe- 
nyl)propane, 1 ,1 -bis(2-tert-butyl-4-hydroxy-5-methyl- 
phenyl)propane, 2,2-bis(4-hydroxy-3,5-dichlorophenyl) 
propane, 2,2-bis(4-hydroxy-3,5-difluorophenyl)pro- 
pane, 2,2-bis(4-hydroxy-3,5-dibromophenyl)propane, 

40 2,2-bis(3-bromo-4-hydroxy-5-chlorophenyl)propane, 
2,2-bis(4-hydroxyphenyl)-1 ,1 ,1 ,3,3,3-hexafluoropro- 
pane,; bis(2-hydroxyphenyl)propanes such as 2,2-bis 
(2-hydroxy-4-sec-butylphenyl)propane, 2,2-bis(2-hy- 
droxy-4,6-dimethylphenyl)propane, etc.; bis(4-hydroxy- 

45 phenyl) butanes such as 2,2-bis(4-hydroxyphenyl)bu- 
tane, 2,2-(3-methyl-4-hydroxyphenyl)butane, 1 ,1-bis 
(4-hydroxyphenyl)-2-methylpropane, 1 ,1 -bis(2-tert- 
butyl-4-hydroxy-5-methylphenyl)-2-methylpropane, 
1 ,1 -bis(2-butyl-4-hydroxy-5-methylphenyl)butane, 

50 1 ,1 -bis(2-tert-butyl-4-hydroxy-5-methylphenyl)butane, 
1 ,1 -bis(2-m ethyl -4-hydroxy-5-tert-pentylpheny I) bu- 
tane, 2,2-bis(4-hydroxy-3,5-dichlorophenyl)butane, 
2,2-bis(4-hydroxy-3,5-dibromophenyl)butane, 2,2-bis 
(4-hydroxyphenyl)-3-methylbutane, 1 ,1-bis(4-hydroxy- 

55 phenyl)-3-methylbutane, etc.; bis(hydroxyphenyl)al- 
kanes such as 3,3-bis(4-hydroxyphenyl)pentane, 
2,2-bis(4-hydroxyphenyl)hexane, 2,2,-bis(4-hydroxy- 
phenyl)heptane, 2,2-bis(2-tert-butyl-4-hydroxy-5-meth- 
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ylphenyl)heptane, 2,2-bis(4-hydroxyphenyl)octane, 

2.2- bis(4-hydroxyphenyl)nonane, 2,2-bis(4-hydroxy- 
phenyl)decane, 1 , 1 -bis(4-hydroxyphenyl)cyclopen- 
tane, 1 ,1-bis(4-hydroxyphenyl)cyclohexane, 1.1 -bis 
(3-methyl-4-hydroxyphenyl)cyclohexane, 1 ,1-bis(4-hy- 5 
droxy-3,5-dimethylphenyl)cyclohexane, 1 ,1 -bis(3-cy- 
clohexyl-4-hydroxyphenyl)cyclohexane, 1 ,1-bis(3-phe- 
nyl-4-hydroxyphenyl)cyclohexane, 1 , 1 -bis(4-hydroxy- 
phenyl)-3,3,5-trimethy!cyclohexane, 1 ,1 -bis(3-methyl- 
4-hydroxyphenyl)-3,3,5-trimethylcyclohexane, etc.; bis 10 
(4-hydroxyphenyl) ethers such as bis(4-hydroxyphenyl) 
ether, bis(3-fluoro-4-hydroxyphenyl) ether, etc.; bis 
(4-hydroxyphenyl) sulfides such as bis(4-hydroxyphe- 
nyl) sulfide, bis(3-methyl-4-hydroxyphenyl) sulfide, etc.; 
bis(4-hydroxyphenyl) sulfoxides such as bis(4-hydroxy- 1$ 
phenyl) sulfoxide, bis(3-methyl-4-hydroxyphenyl) sul- 
foxide, etc.; bis(4-hydroxyphenyl) sulfones such as bis 
(4-hydroxyphenyl) sulfone, bis(3-methyl-4hydroxyphe- 
nyl) sulfone, bis(3-phenyl-4-hydroxyphenyl) sulfone, 
etc.; bis(4-hydroxyphenyl) ketones such as 4,4'dihy- 20 
droxybenzophenone, etc.; bis(hydroxyphenyl)fluorenes 
such as 9,9-bis(4-hydroxyphenyl)fluorene, 9,9-bis 
(3-methyl-4-hydroxyphenyl)fluorene, 9,9-bis(3-phenyl- 
4-hydroxyphenyl)fluorene, etc.; dihydroxy-p-terphenyls 
such as 4,4 M -dihydroxy-p-terphenyl, etc.; bis(hydroxy- 25 
phenyl)pyrazines such as. 2,5-bis(4-hydroxyphenyl) 
pyrazine, 2,5-bis(4-hydroxyphenyl)-3,6-dimethylpyra- 
zine, 2,5-bis(4-hydroxyphenyl)-2,6-diethylpyrazine, 
etc.; bis(hydoxyphenyl)menthanes s uch as 1,8-bis 
]4-hvdroxvD hftnYnmftnthaQa. 2.8-bisj4 -hydroxyphenyl) 30 
menthane . 1 ,8-bis(3-methyl-4-hydroxyphenyl)men- 
thane, 1 ,8-bis(4-hydroxy-3,5-dimethylphenyl)men- 
thane, etc.; bis[2-(4-hydroxyphenyl)-2-propyl]benzenes 
such as 1 ,4-bis[2-(4-hydroxyphenyl)-2-propyl]benzene, 

1 .3- bis[2-(4-hydroxyphenyl)-2-propyl]benzene, etc.; di- 35 
hydroxynaphthalenes such as 1,3-di hydroxy naphtha- 
lene, 1 ,4-dihydroxynaphthalene, 1 ,5-dihydroxynaph- 
thalene, 2,6-dihydroxynaphthalene, 2,7-dihydroxy- 
naphthalene, etc.; dihydroxybenzenes such as resorci- 
nol, hydroquinone, catechol, etc. *o 
[0015] Of those bisphenols, especially preferred are 
bis(4-hydroxyphenyl)alkanes, as the polycarbonate res- 
ins having started from them have well balanced phys- 
ical properties of transparency, heat resistance, hydrol- 
ysis resistance and dimensional stability, and are favo- 45 
rable to materials for optical appliances. 

[001 6] Regarding the production of the bisphenols, for 
example, 2,2- bis(4-hydroxyphenyl)propane is produced 
by reacting acetone with phenol in the presence of a cat- 
alyst. For the catalyst, for example, preferred are sul- so 
fonic acid-type cation-exchange resins such as sul- 
fonated styrene-divinylbenzene copolymers, sulfonated 
crosslinked styrene polymers, phenol-formaldehyde- 
sulfonic acid resins, benzene-formaldehyde-sulfonic 
acid resins, etc. In the case, preferably used are alkylm- 55 
ercaptans serving as a catalyst promoter. Excess phe- 
nol over acetone is reacted with acetone. 
[0017] The reaction mixture contains non-reacted 



phenol and acetone, the catalyst used and also side 
products such as water, alkylmercaptans, organic-sulfur 
compounds and coloring matters, in addition to the in- 
tended product, 2,2-bis(4-hydroxyphenyl)propane. 
Therefore, the reaction mixture is subjected to distilla- 
tion under reduced pressure to remove the non-reacted 
acetone, water and alkylmercaptans. Then, this is fur- 
ther subjected to distillation under reduced pressure to 
remove the non-reacted phenol, in the next step of con- 
centrating the product, 2,2-bis (4-hydroxyphenyl)pro- 
pane, 

[0018] The concentrate residue obtained in the con- 
centration step has a 2,2-bis(4-hydroxyphenyl)propane 
concentration of from 20 to 50 % by weight, preferably 
from 20 to 40 % by weight, and this is then cooled to 40 
to 70°C in the next crystallization step, in which an ad- 
duct of 2,2-bis(4-hydroxyphenyl) propane and phenol 
(hereinafter referred to as a phenol adduct) is crystal- 
lized out in slurry. The concentrate residue slurry is then 
filtered or centrif uged whereby the phenol adduct crystal 
is separated from the mother liquid. The thus-obtained 
crystal, 2,2-bis(4-hydroxyphenyl)propane/phenol 1/1 
adduct is heated and melted at 100 to 160°C, and the 
resulting melt mixture is subjected to distillation under 
reduced pressure to remove phenol. Thus is obtained 
2,2-bis(4-hydroxyphenyl)propane. 
[0019] 2,2-Bis (4-hydroxyphenyl) propane thus ob- 
tained is in melt. In general, this is formed into liquid 
drops, and then cooled and solidified into a granular 
product, in a g ran ulator such as a spray drier or the like. 
Then, the resulting granular solid of 2,2-bis(4-hydroxy- 
phenyl)propane is transported into an apparatus for 
polycarbonate resin production, in which this is dis- 
solved in an aqueous alkali solution such as an aqueous 
sodium hydroxide solution or the like in the unit for pre- 
paring the starting material for polycarbonate resin, and 
the resulting solution is used for polycarbonate resin 
production. 

[0020] In the present invention, the molten bisphenol 
such as 2,2-bis(4-hydroxyphenyl)propane prepared in 
the process as above is, without being solidified and 
granulated in the granulation step, directly dissolved in 
an aqueous alkali solution such as an aqueous sodium 
hydroxide solution or the like in the step of preparing the 
starting material for polycarbonate resin production. The 
invention is characterized by the direct preparation of 
the starting material for polycarbonate resin production. 
In the invention, the temperature of the aqueous alkali 
solution in which the bisphenol is dissolved is controlled 
to fall between 20 and 80°C. If the temperature of the 
aqueous alkali solution is lower than 20°C, a lot of time 
will be taken to dissolve the bisphenol in the solution, 
and the productivity of polycarbonate resin will be low. 
On the other hand, if the temperature is higher than 
80°C, the bisphenol will be thermally decomposed and 
discolored, and, in addition, the aqueous alkali solution 
will corrode the apparatus. 

[0021] For mixing the molten bisphenol with such an 
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aqueous alkali solution, for example, employed is a dis- 
solution tank equipped with a line mixer or a stirrer. Pref- 
erably, the atmosphere in the apparatus is previously 
purged with an inert gas such as nitrogen gas or the like 
so that the mixing operation can be effected in such an 
inert gas atmosphere. The temperature of the molten 
bisphenol is not lower than the melting point of the bi- 
sphenol, but is preferably higher by at most 80°C than 
the melting point thereof. If the temperature of the bi- 
sphenol melt is higher than it, the bisphenol will be de- 
composed and discolored. 

[0022] For the aqueous alkali solution in which the 
molten bisphenol is dissolved, preferred is sodium hy- 
droxide. In place of sodium hydroxide, however, any oth- 
er alkali metal hydroxides and alkaline earth metal hy- 
droxides may also be employed. The concentration of 
the aqueous alkali solution may fall between 2 and 47 
% by weight. Preferably, the amount of the aqueous al- 
kali solution to be used falls between 1 .9 and 2.5 mols 
relative to one mol of the bisphenol to be dissolved in 
the solution. Regarding the reaction between bisphenol 
and alkali such as sodium hydroxide, one mol of bisphe- 
nol theoretically reacts with 2 mols of sodium hydroxide. 
In practical reaction, however, it is desirable that the 
amount of sodium hydroxide is excessive in some de- 
gree over bisphenol. 

[0023] When the molten bisphenol is mixed with such 
an aqueous alkali solution, a reducing agent is prefera- 
bly added thereto. The reducing agent may be any or- 
dinary one. For example, preferred are sodium sulfite, 
sodium thiosulfate, sodium dithionite (hydros u If ite), etc. 
Its amount may fall between 10 and 1,000 ppm by 
weight of the aqueous alkali solution. The reducing 
agent may be added to the aqueous alkali solution be- 
fore bisphenol is added to the solution, or may be added 
to water which is used for controlling the alkali concen- 
tration of the solution, or may be added to the aqueous 
alkali solution simultaneously with molten bisphenol 
added thereto. The reducing agent added improves the 
color tone of the polycarbonate resin that starts from the 
aqueous alkali solution of bisphenol obtained herein. 
[0024] The method of the invention for producing 
polycarbonate that starts from the aqueous alkali solu- 
tion of bisphenol compound prepared in the manner as 
above may be the same as that for conventional poly- 
carbonate resin production through interracial polymer- 
ization, except that it does not require the step of dis- 
solving solid grains of bisphenol compound in an aque- 
ous alkaline solution. 

[0025] For example, phosgene is added to the aque- 
ous alkali solution of bisphenol compound, with stirring 
it in the presence of an organic solvent such as methyl- 
ene chloride or the like capable of well dissolving poly- 
carbonate resin, to thereby form a polycarbonate oli- 
gomer having a chlorofomnate terminal, and the oli- 
gomer is further polymerized. The polycondensation 
condition, the catalyst, the mode of molecular weight 
control and the additives to be optionally added for the 



method may be the same as those for conventional 
methods. 

[0026] The invention is described more concretely 
with reference to the following Examples and Compar- 
5 ative Examples. 

[Example 1-1] 

[0027] A 300-ml reactor equipped with a condenser 

10 and a stirrer was purged with nitrogen gas. 224 g of an 
aqueous sodium hydroxide solution having a concentra- 
tion of 5.6 % by weight, and 0.035 g of hydrosulfite serv- 
ing as a reducing agent were put into the reactor, and 
heated up to50°C. 

15 [0028] Next, with stirring the mixture in the reactor at 
350 rpm, 35 g of a melt (at 170°C) of 2,2-bis(4-hydrox- 
yphenyl)propane was poured into it. Having been 
poured thereinto, the melt of 2,2-bis(4-hydroxyphenyl) 
propane immediately dissolved in the aqueous sodium 

20 hydroxide solution, without forming deposit. 

[0029] The APHA color hue of the aqueous sodium 
hydroxide solution of 2,2-bis (4-hydroxyphenyl)propane 
was at most 1 0, and did not differ from that of the solution 
prepared by dissolving granulated solid 2,2-bis(4-hy- 

25 droxyphenyl)propane in aqueous sodium hydroxide. 

[Example I-2] 

[0030] A 300-ml reactor equipped with a condenser 
30 and a stirrer was purged with nitrogen gas. Bubbled with 
nitrogen gas, 224 g of an aqueous sodium hydroxide 
solution having a concentration of 5.6 % by weight was 
put into the reactor, and heated up to 50°C. 
[0031] Next, with stirring the mixture in the reactor at 
35 350 rpm, 35 g of a melt (at 1 70°C) of 2,2-bis(4-hydrox- 
yphenyl)propane and 0.035 g of solid hydrosulfite serv- 
ing as a reducing agent were fed into the reactor through 
different feed lines. Having been thus fed thereinto, the 
melt of 2,2-bis(4-hydroxyphenyl)propane immediately 
40 dissolved in the aqueous sodium hydroxide solution, 
without forming deposit. 

[0032] The APHA color hue of the aqueous sodium 
hydroxide solution of 2,2-bis (4-hydroxyphenyl)propane 
was at most 10, and did not differ from that of the solution 
45 prepared by dissolving granulated solid 2,2-bis(4-hy- 
droxyphenyl)propane in aqueous sodium hydroxide. 

[Example I-3] 

so [0033] A 300-ml reactor equipped with a condenser 
and a stirrer was purged with nitrogen gas. 224 g of an 
aqueous sodium hydroxide solution having a concentra- 
tion of 5.6 % by weight, 0.035 g of hydrosulfite serving 
as a reducing agent, and 28 g of solid granular 2,2-bis 

55 (4-hydroxyphenyl)propane were put into the reactor, 
and heated up to 40°C. 

[0034] Next, with stirring the mixture in the reactor at 
350 rpm, 7 g of a melt (at 170°C) of 2,2-bis(4-hydroxy- 
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phenyl)propane was poured into it. Having been poured 
thereinto, the melt of 2,2-bis(4-hydroxyphenyl)propane 
partly deposited, but, after 6 minutes, it completely dis- 
solved in the aqueous sodium hydroxide solution. 
[0035] The APHA color hue of the aqueous sodium 
hydroxide solution of 2,2-bis(4-hydroxyphenyl)propane 
was at most 1 0, and did not differ from that of the solution 
prepared by dissolving granulated solid 2,2-bis(4-hy- 
droxyphenyl)propane in aqueous sodium hydroxide. 

[Comparative Example 1-1] 

[0036] A 300-ml reactor equipped with a condenser 
and a stirrer was purged with nitrogen gas. 224 g of an 
aqueous sodium hydroxide solution having a concentra- 
tion of 5.6 % by weight, and 0.035 g of hydrosulfite serv- 
ing as a reducing agent were put into the reactor. The 
mixture in the reactor was kept at 15°C. 
[0037] Next, with stirring the mixture in the reactor at 
350 rpm, 35 g of a melt (at 170°C) of 2,2-bis(4-hydrox- 
yphenyl)propane was poured into it. Having been 
poured thereinto, the melt of 2,2-bis(4-hydroxyphenyl) 
propane immediately solidified and gave large masses. 
At least 1 hour was taken to dissolve the masses. 

[Comparative Example I -2] 

[0038] A 300-ml reactor equipped with a condenser 
and a stirrer was purged with nitrogen gas. 224 g of an 
aqueous sodium hydroxide solution having a concentra- 
tion of 5.6 % by weight, and 0.035 g of hydrosulfite serv- 
ing as a reducing agent were put into the reactor, and 
heated up to 85°C. 

[0039] Next, with stirring the mixture in the reactor at 
350 rpm, 35 g of a melt (at 170°C) of 2,2-bis(4-hydrox- 
yphenyl)propane was poured into it. Having been 
poured thereinto, the melt of 2,2-bis(4-hydroxyphenyl) 
propane immediately dissolved in the aqueous sodium 
hydroxide solution, without forming deposit. 
[0040] However, the APHA color hue of the aqueous 
sodium hydroxide solution of 2,2-bis(4-hydroxyphenyl) 
propane fell between 20 and 25. This means the decom- 
position of 2,2-bis(4-hydroxyphenyl)propane. 

[Example I-4] 

(1) Production of polycarbonate oligomer: 

[0041] The aqueous sodium hydroxide solution of 
2,2-bis(4-hydroxyphenyl)propane obtained in Example 
1-1 (the 2,2-bis(4-hydoxyphenyl)propane concentration 
in the solution = 13.5 % by weight) was cooled to room 
temperature. 

[0042] Next, the aqueous sodium hydroxide solution 
of 2,2-bis (4-hydroxyphenyl)propane at a flow rate of 
138 liters/hr and a solvent, methylene chloride at a flow 
rate of 69 liters/hr were introduced into a tubular reactor 
having an inner diameter of 10 mm and a length of 10 



m, through an orifice plate, with phosgene being intro- 
duced thereinto at a flow rate of 10.7 kg/hr, and these 
were continuously reacted for 3 hours. The tubular re- 
actor used herein had a double-walled structure. With 
5 cooling water being circulated through the jacket of the 
reactor, the temperature inside the reactor was so con- 
trolled that the reaction mixture could be at 25°C at the 
outlet. 

[0043] The thus-obtained reaction mixture was kept 
10 static, and the aqueous phase separated was removed 
to obtain 220 liters of a methylene chloride phase. 170 
liters of methylene chloride was added to the methylene 
chloride phase, and stirred to obtain a methylene chlo- 
ride solution of polycarbonate oligomer. This had a poly- 
15 carbonate oligomer concentration of 314.7 g/liter, a de- 
gree of polymerization of from 3 to 4, and a chlorofor- 
mate group concentration of 0.74 N. 

(2) Production of polycarbonate resin: 

20 

[0044] 3.28 liters of methylene chloride was added to 
5.72 liters of the methylene chloride solution of polycar- 
bonate oligomer obtained in the above step (1). The re- 
sulting methylene chloride solution of polycarbonate ol- 

25 igomer had a polycarbonate oligomer concentration of 
200 g/liter and a chloroformate group concentration of 
0.47 N, and this was put into a 20-liter reactor equipped 
with a stirrer. Next, 3,570 g of the aqueous sodium hy- 
droxide solution of 2,2-bis(4-hydroxyphenyl)propane 

30 obtained in Example 1-1 and kept at room temperature 
was added to this. In addition, 0.856 g of trimethylamine 
serving as a catalyst, and 47.5 g of p-tert-butylphenol 
serving as a terminator were added thereto. 
[0045] With that, the mixture in the reactor was kept 

35 stirred at 600 rpm for 1 0 minutes in turbulent flow. Next, 
1 67 ml of an aqueous sodium hydroxide solution having 
a concentration of 48 % by weight was added to this, 
and further stirred at 200 rpm for 60 minutes in laminar 
flow. 

40 [0046] After having been thus reacted, the reaction 
mixture was mixed with 5 liters of water and 5 liters of 
methylene chloride added thereto. Then, this was kept 
static for phase separation into an aqueous phase and 
a methylene chloride phase. The aqueous phase was 

45 removed, and the methylene chloride phase was 
washed with an aqueous 0.01 N sodium hydroxide so- 
lution and then with 0.1 N hydrochloric acid. Further 
washed with water to remove methylene chloride, this 
gave a flaky polycarbonate resin. The polycarbonate 

so resin thus obtained had a viscosity-average molecular 
weight of 19,000. 

II. Second aspect of the invention: 

55 [0047] In this section, the second aspect of the inven- 
tion will be simply referred to as the invention. 
[0048] In the method of the invention for producing a 
starting material for polycarbonate resin, abisphenol 
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compound prepared in melt in a process of bisphenol 
compound production is, without being solidified, direct- 
ly mixed with water to be in liquid at a temperature not 
higher than the melting point of the bisphenol com- 
pound, and then dissolved in an aqueous alkali solution; s 
and in the method of the invention for producing poly- 
carbonate resin, the resulting aqueous alkali solution of 
the bisphenol compound is used as the starting material 
for polycarbonate resin production through interfacial 
polymerization. io 
[0049] In the method of the invention, the step of poly- 
carbonate resin production through interfacial polymer- 
ization is per-se known, as so mentioned in the section 
of the first aspect of the invention. 

[0050] For the details of the bisphenol compound that '5 
serves as the essential starting material in the polycar- 
bonate resin production, and its production, referred to 
are the same as those described in the section of the 
first aspect of the invention. 

[0051] In the invention, the molten bisphenol pre- 20 
pared in the manner as above is, without being solidified 
and granulated in a granulation step, directly mixed with 
water to be in liquid at a temperature not higher than the 
melting point of the bisphenol compound, and then dis- 
solved in an aqueous alkali solution. For example, 25 
2,2-bis(4-hydroxyphenyl)propane is mixed with water to 
be in liquid at a temperature falling between 98°C and 
155°C. The resulting aqueous alkali solution of the bi- 
sphenol compound is directly used for polycarbonate 
resin production, not requiring an additional step of dis- 30 
solving the bisphenol compound in an aqueous alkali 
solution. 

[0052] Without being solidified, the molten bisphenol 
compound is mixed with water to be in liquid even at a 
temperature not higher than the melting point of the bi- 35 
sphenol compound. Regarding the proportion of water 
to be mixed with the molten bisphenol compound to give 
a liquid mixture, for example, when 2,2-bis(4-hydroxy- 
phenyl)propane is mixed with water and when the re- 
sulting liquid mixture is kept at 98°C, the ratio of water 40 
to the liquid mixture must be from 1 8 % by weight to 85 
% by weight. If the temperature of the liquid mixture is 
elevated higher, the amount of water to be added to the 
bisphenol compound could be reduced more. The meth- 
od of mixing the molten bisphenol with water is not spe- 
cifically defined, for which, for example, any ordinary 
dissolution tank equipped with a line mixer or a stirrer 
may be employed. Preferably, the molten bisphenol and 
water are introduced into the apparatus in an inert gas 
atmosphere of nitrogen gas or the like in order to prevent 50 
the bisphenol compound from being in contact with ox- 
ygen. 

[0053] The molten bisphenol compound is, without 
being solidified, directly mixed with water to be in liquid 
at a temperature not higher than the melting point of the 55 
bisphenol compound, and then dissolved in an aqueous 
alkali solution. In this step, preferably, the temperature 
of the aqueous alkali solution is controlled to fall be- 
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tween 20 and 80°C. This is because, if the temperature 
of the aqueous alkali solution is lower than 20°C, the 
solubility of the bisphenol compound in the aqueous al- 
kali solution lowers and a lot of time will be taken to dis- 
solve the bisphenol compound in the solution. On the 
other hand, if the temperature is higher than 80°C, the 
bisphenol compound will be thermally decomposed and 
discolored, and, in addition, the aqueous alkali solution 
will corrode the apparatus. 

[0054] For mixing the liquid mixture of the bisphenol 
compound and water with such an aqueous alkali solu- 
tion, for example, employed is a dissolution tank 
equipped with a line mixer or a stirrer. Preferably, the 
atmosphere in the apparatus is previously purged with 
an inert gas such as nitrogen gas or the like so that the 
mixing operation can be effected in such an inert gas 
atmosphere. 

[0055] For the aqueous alkali solution in which the liq- 
uid mixture of the molten bisphenol and water is dis- 
solved, preferred is sodium hydroxide. In place of sodi- 
um hydroxide, however, any other alkali metal hydrox- 
ides and alkaline earth metal hydroxides may also be 
employed. The concentration of the aqueous alkali so- 
lution preferably falls between 2 and 47 % by weight. 
Also preferably, the amount of the aqueous alkali solu- 
tion to be used falls between 1 .9 and 2.5 mols relative 
to one mol of the bisphenol to be dissolved in the solu- 
tion. Regarding the reaction between bisphenol and al- 
kali such as sodium hydroxide, one mol of bisphenol the- 
oretically reacts with 2 mols of sodium hydroxide. In 
practical reaction, however, it is desirable that the 
amount of sodium hydroxide is excessive in some de- 
gree over bisphenol. 

[0056] When the bisphenol compound is mixed with 
such an aqueous alkali solution, a reducing agent is 
preferably added thereto. The reducing agent may be 
any ordinary one. For example, preferred are sodium 
sulfite, sodium thiosulfate, sodium dithionite (hydro- 
sutfite), etc. Its amount may fall between 10 and 1 ,000 
ppm of the water content of the aqueous alkali solution. 
The reducing agent may be added to water which is to 
be mixed with a molten bisphenol compound, or may be 
added to an aqueous alkali solution, or may be added 
to water which is used for controlling the alkali concen- 
tration of the solution, or may be added to the aqueous 
alkali solution simultaneously with molten bisphenol 
compound added thereto. The reducing agent added 
improves the color tone of the polycarbonate resin that 
starts from the aqueous alkali solution of bisphenol com- 
pound obtained herein. 

[0057] For the details of the polycarbonate resin pro- 
duction that starts from the thus-obtained, aqueous al- 
kali solution of bisphenol compound, referred to are the 
same as those mentioned in the section of the first as- 
pect of the invention. 

[0058] the invention is described more concretely 
with reference to the following Examples and Compar- 
ative Examples, which, however, are not intended to re- 
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strict the scope of the invention. 

[Example tl-1] 

[0059] A melt (at 1 70°C) of 2,2-bis(4-hydroxyphenyl) 
propane and water heated at 1 00°C were fed into a line 
mixer via different pumps, and mixed. The flow rate of 
2,2-bis(4-hydroxyphenyl)propane was 35 g/min; and 
that of water was 10 g/min. The residence time in the 
line mixer was 10 seconds. The apparatus was so 
cooled that the temperature of the mixture of 2,2-bis 
(4-hydroxyphenyl)propane and water could be 1 00°C at 
the outlet of the line mixer. 

[0060] The liquid mixture of 2 ( 2-bis(4-hydroxyphenyl) 
propane and water that had been mixed in the line mixer 
and was fluid therein was then mixed with an aqueous 
sodium hydroxide solution (concentration, 5.9 % by 
weight) at 80°C in a different line mixer. The alkali solu- 
tion contained 300 ppm of hydrosulfite. The flow rate of 
the liquid mixture of 2,2-bis(4-hydroxyphenyl)propane 
and water was 45 g/min; and that of the aqueous sodium 
hydroxide solution was 214 g/min. The residence time 
in the line mixer was 10 seconds. 
[0061] In the solution of 2,2-bis (4-hydroxyphenyl)pro- 
pane mixed and dissolved in the aqueous sodium hy- 
droxide solution in the line mixer, no crystal of 2,2-bis 
(4-hydroxyphenyl)propane was found. The APHA color 
hue of the solution was at most 1 0. The solution was 
analyzed, and no decomposition product of 2,2-bis 
(4-hydroxyphenyl)propane was detected therein. 

[Example II-2] 

[0062] The process of Example 11-1 was repeated. In 
this, however, the temperature of the aqueous sodium 
hydroxide solution was 30°C and the liquid mixture of 
2,2-bis(4-hydroxyphenyl)propane and water was mixed 
with the aqueous sodium hydroxide solution for 30 sec- 
onds in the line mixer. 

[0063] In the solution of 2,2-bis(4-hydroxyphenyl)pro- 
pane dissolved in the aqueous sodium hydroxide solu- 
tion, no crystal of 2,2-bis(4-hydroxyphenyl)propanewas 
found. The APHA color hue of the solution was at most 
10. The solution was analyzed, and no decomposition 
product of 2,2-bis(4-hydroxyphenyl)propane was de- 
tected therein. 

[Comparative Example il-1] 

[0064] Not mixed with water heated at 1 00°C, a melt 
(at 170°C) of 2,2-bis(4-hydroxyphenyl)propane was 
tried to mix with an aqueous sodium hydroxide solution 
at 15°C (its alkali concentration was 5.6 % by weight, 
and it contained 300 ppm of hydrosulfite) in a line mixer. 
[0065] In this process, however, the melt of 2,2-bis 
(4-hydroxyphenyl)propane solidified in the line mixer 
and did not mix with the solution. 
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[Comparative Example 1 1 -2] 

[0066] Not mixed with water heated at 100°C, a melt 
(at 1 70°C) of 2,2-bis(4-hydroxyphenyl)propane was fed 
s into a line mixer along with an aqueous sodium hydrox- 
ide solution at 85° C (its alkali concentration was 5.6 % 
by weight, and It contained 300 ppm of hydrosulfite), and 
the two were mixed therein. 

[0067] In the solution of 2,2-bis(4-hydroxyphenyl)pro- 
10 pane dissolved in the aqueous sodium hydroxide solu- 
tion, no crystal of 2,2-bis(4-hydroxyphenyl)propane was 
found. However, the APHA color hue of the solution fell 
between 1 5 and 20. The solution was analyzed, and iso- 
propenylphenol resulting from decomposition of 2,2-bis 
15 (4-hydroxyphenyl)propane was detected therein. 

[Example II-3] 

(1) Production of polycarbonate oligomer: 

20 

[0068] The aqueous sodium hydroxide solution of 
2,2-bis(4-hydroxyphenyl)propane obtained in Example 
11-1 (the 2,2-bis(4-hydoxyphenyl)propane concentration 
in the solution = 13.5 % by weight) was cooled to room 

25 temperature. 

[0069] Next, the aqueous sodium hydroxide solution 
of 2,2-bis (4-hydroxyphenyl)propane at a flow rate of 
138 liters/hr and a solvent, methylene chloride at a flow 
rate of 69 liters/hr were introduced into a tubular reactor 

30 having an inner diameter of 10 mm and a length of 10 
m, through an orifice plate, with phosgene being intro- 
duced thereinto at a flow rate of 10.7 kg/hr, and these 
were continuously reacted for 3 hours. The tubular re- 
actor used herein had a double-walled structure. With 

35 cooling water being circulated through the jacket of the 
reactor the temperature inside the reactor was so con- 
trolled that the reaction mixture could be at 25° C at the 
outlet. 

[0070] The thus-obtained reaction mixture was kept 
to static, and the aqueous phase separated was removed 
to obtain 220 liters of a methylene chloride phase. 170 
liters of methylene chloride was added to the methylene 
chloride phase, and stirred to obtain a methylene chlo- 
ride solution of polycarbonate oligomer. This had a poly- 
45 carbonate oligomer concentration of 314.7 g/liter, a de- 
gree of polymerization of from 3 to 4, and a chlorofor- 
mate group concentration of 0.74 N. 

(2) Production of polycarbonate resin: 

50 

[0071] 3.28 liters of methylene chloride was added to 
5.72 liters of the methylene chloride solution of polycar- 
bonate oligomer obtained in the above step (1). The re- 
sulting methylene chloride solution of polycarbonate ol- 
55 jgomer had a polycarbonate oligomer concentration of 
200 g/liter and a chloroformate group concentration of 
0.47 N , and this was put into a 20-liter reactor equipped 
with a stirrer. Next, 3,570 g of the aqueous sodium hy- 
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15 

droxide solution of 2,2-bis(4-hydroxyphenyl)propane 
obtained in Example 11-1 and kept at room temperature 
was added to this. In addition, 0.856 g of trimethylamine 
serving as a catalyst, and 47.5 g of p-tert-butylphenol 
serving as a terminator were added thereto. 
[0072] With that, the mixture in the reactor was kept 
stirred at 600 rpm for 1 0 minutes in turbulent flow. Next, 
1 67 ml of an aqueous sodium hydroxide solution having 
a concentration of 48 % by weight was added to this, 
and further stirred at 200 rpm for 60 minutes in laminar 
flow. 

[0073] After having been thus reacted, the reaction 
mixture was mixed with 5 liters of water and 5 liters of 
methylene chloride added thereto. Then, this was kept 
static for phase separation into an aqueous phase and 
a methylene chloride phase. The aqueous phase was 
removed, and the methylene chloride phase was 
washed with an aqueous 0.01 N sodium hydroxide so- 
lution and then with 0.1 N hydrochloric acid. Further 
washed with water to remove methylene chloride, this 
gave a flaky polycarbonate resin. The polycarbonate 
resin thus obtained had a viscosity-average molecular 
weight of 19,000. 

INDUSTRIAL APPLICABILITY 

[0074] According to the invention, a step of granulat- 
ing a bisphenol compound can be omitted in the process 
of preparing the starting material for polycarbonate res- 
in, and a step of dissolving the bisphenol compound can 
be omitted in the process of producing polycarbonate. 
Therefore, the equipment cost and the operation cost 
for the steps can be saved, and the production costs for 
the resin can be reduced. 



Claims 

1 . A method for producing a starting material for poly- 
carbonate resin production through interfacial po- 
lymerization, which is characterized in that a bi- 
sphenol compound prepared in melt in a process of 
bisphenol compound production is mixed and dis- 
solved in an aqueous alkali solution at 20 to 80°C. 

2. The method for producing a starting material for 
polycarbonate resin as claimed in claim 1 , wherein 
the bisphenol compound includes bis(4-hydroxy- 
phenyi)alkanes. 

3. A method for producing polycarbonate resin, which 
is characterized in that a bisphenol compound 
prepared in melt in a process of bisphenol com- 
pound production is mixed and dissolved in an 
aqueous alkali solution at 20 to 80°C, and the re- 
sulting aqueous alkali solution of the bisphenol 
compound is used as the starting material for poly- 
carbonate resin production through interfacial po- 



lymerization. 

4. A method for producing a starting material for poly- 
carbonate resin, which is characterized in that a 

s bisphenol compound prepared in melt in a process 
of bisphenol compound production is, without being 
solidified, directly mixed with waterto be in liquid at 
a temperature not higher than the melting point of 
the bisphenol compound, and then dissolved in an 

10 aqueous alkali solution. 

5. The method for producing a starting material for 
polycarbonate resin as claimed in claim 4, wherein 
the bisphenol compound includes bis(4-hydroxy- 

15 phenyl)alkanes. 

6. A method for producing polycarbonate resin, which 
is characterized in that a bisphenol compound 
prepared in melt in a process of bisphenol com- 

20 pound production is, without being solidified, direct- 
ly mixed with waterto be in liquid at a temperature 
not higher than the melting point of the bisphenol 
compound, and then dissolved in an aqueous alkali 
solution, and the resulting aqueous alkali solution 

25 of the bisphenol compound is used as the starting 
material for polycarbonate resin production through 
interfacial polymerization. 

30 
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